Background: Oxidative stress is considered to be involved in the pathophysiology of all cancers. Studies indicated that the levels of oxidative stress markers increased in breast cancer. Trace metals are essential to normal human homeostasis. When present in an abnormal expression, they contribute in many pathological processes. Some trace metals are claimed to be carcinogenic and capable of inducing a toxic effect through the formation of free radicles and acting as cofactors in the oxidative damage of biological macromolecules and DNA. Objective: Our aim was to investigate the serum levels of some trace elements (Copper, Zinc and Cadmium), the total oxidative and antioxidative capacity (TOC and TAC) in patients with breast cancer in comparison to patients with benign breast tumours. Patients and Methods: The present study included 65 females. The participates were divided into 2 main groups: control group which consisted of 20 apparently healthy female; the patient groups which divided into 3 groups: group B included 15 patients with benign breast tumours, group N consisted of 15 newly diagnosed breast cancer patients and group M included 15 patients with metastatic breast cancer. Results: The mean serum levels of Copper, Zinc, and Cadmium were significantly higher in the three patients groups (B, N and M) than the control group. Similarly, serum uric acid (UA) and (TAC) levels showed significant higher level in both breast cancer groups as compared to the benign group. However TOC levels showed only significantly higher level in metastatic group. Conclusions: The present study suggested elevated TAC, UA and TOC in breast cancer patients. The increased levels of trace elements could lead to formation of free radicals or other reactive oxygen species. The serum profile of these trace metals may be helpful in predicting prognosis of breast cancer. * Corresponding author.
Introduction
Breast cancer is the most frequent malignant tumor in women worldwide. The incidence and mortality rates among women vary among countries, but are steadily increasing worldwide. Moreover, about half the breast cancer cases and 60% of the deaths have been reported to occur in the developing countries [1] . In Egypt, breast cancer is the most common cancer among women, representing 33.5% of newly diagnosed cancer cases [2] .
Much knowledge has been accumulated on the etiology and pathogenesis of breast cancer implicating genetic, hormonal and environmental factors [3] . Free radicals and other reactive oxygen species (ROS) are continuously produced inside the body from oxygen as a result of aerobic metabolism. Under healthy conditions at cellular level, a balance exists between the oxygen free radicals generation and the antioxidant defense mechanisms [4] . These free radicals can evoke extensive tissue damage, through reaction with macromolecules, such as membrane lipids, proteins, and nucleic acids [5] . The levels of free radical molecules are controlled by various cellular defense mechanisms (antioxidant mechanisms) consisting of enzymatic (glutathione peroxidase, superoxide dismutase) and non-enzymatic components (vitamin E, vitamin C, glutathione, uric acid) [6] .
Oxidative stress is a phenomenon which indicates that antioxidant mechanisms are over whelmed by excessive reactive oxygen and nitrogen species generation. This phenomenon causes oxidative damage to biomolecules resulting in lipid peroxidation, mutagenesis and carcinogenesis [7] . Oxidative stress is considered to be involved in the pathophysiology of all cancers. Studies indicated that the levels of oxidative stress markers increased in breast cancer patients. This possibly may due to the disease process itself and tissue injury [8] [9] .
Many antioxidative defenses, including vitamin E and ascorbic acid that prevent oxidative damage, are found in the various tissues. Uric acid, which acts as a powerful antioxidant in plasma, efficiently inhibits various kinds of oxidative damage to membranes [10] . Uric acid represents from 33% to 45% of the plasma antioxidant pool [10] [11] .
Trace elements are found naturally in the environment. Human exposure to trace elements occurs through variety of sources, including air, drinking water and food. However, the degree of exposure to them is potentially modifiable [12] . Trace metals in right proportion and concentration, are essential to normal human homeostasis. The analysis of trace elements in human tissues has gained great interest due to the role that these elements play in normal biochemical and physiological processes. However, when in abnormal expression, they seem to contribute in several pathological processes [13] .
In recent years, the association between trace elements and cancer has been studied, where some trace metals are claimed to be carcinogenic and capable of inducing a toxic effect through the formation of free radicles and acting as cofactors in the oxidative damage of biological macromolecules and DNA [14] . However, their exact role in carcinogenesis is still unclear. Moreover, data of the association of serum levels of trace element with cancer breast and their relation with oxidative stress and different tumour markers are still deficient [13] .
Even though the increase in oxidative DNA lesions has been frequently attributed to metal exposures, it is important to note that the exact mechanism leading to tumor formation after such exposures is still not well understood. Several studies have shown that concentrations of trace elements are altered in neoplastic breast tissues. However, the microenvironment and metabolic changes caused by tumors are complex and still not completely understood [15] .
The aim of the present study was to investigate the serum levels of some trace elements (Copper (Cu), Zinc (Zn) and Cadmium (Cd)), the total oxidative and anti-oxidative capacity (TOC and TAC) in newly diagnosed and metastatic cancer breast patients in comparison to their levels in patients with benign breast tumours in order to add more knowledge to their rule in these patients groups.
Patients and Methods
The present study included 65 females were enrolled and divided into two main groups; control group which consisted of 20 apparently healthy female volunteers of comparable age and socio-economic status to the patient groups; their mean age was 47.20 ± 10.29 years.
The patient groups which included patients with breast tumours and divided into 3 groups: group B that included 15 patients with benign non-proliferative breast tumours, group N that comprised 15 newly diagnosed breast cancer patients and group M that included 15 patients with metastatic breast cancer; their mean age was (46.27 ± 9.91, 55.60 ± 11.37 and 49.60 ± 10.55 years) respectively.
Patients were selected from those admitted to the hospital of Medical Research Institute, Alexandria University, Alexandria, Egypt. Clinical and pathological data of the patients were prospectively collected. A written consent for participating in the study was taken according to the declaration of Helsinki and approved by the ethical committee of the Medical Research Institute. Patients with any concomitant condition that may affect the results of the study were excluded e.g., smoking, diabetes mellitus, liver dysfunction, rheumatoid arthritis or any other prolonged illness.
The newly diagnosed patients had pathologically proved stage I-III breast cancer. The metastatic disease is proved by radiological studies (CT or MRI) or pathological assessment or both. Both newly diagnosed and metastatic breast cancer patients were included in the study at the time of presentation. Blood samples were collected before starting chemotherapy.
Following 6 hours fasting period, 5 mL whole venous blood was withdrawn from each participating female. The blood was left to clot, centrifuged and the obtained serum was divided into 3 aliquots: 1 st aliquot was used for determination of uric acid level using an automatic autoanalyser (Olympus, Germany), the 2 nd aliquot was kept for determination of total serum oxidative capacity (TOC) and total antioxidative capacity (TAC). TOC was measured using ELISA technique (Immundiagnostik AG, Germany) and TAC was measured using (Cell Biolabs' OxiSelect™ Total Antioxidant Capacity (TAC) Kit [16] .
The TAC Assay is based on the reduction of Copper(II) to Copper(I) by antioxidants such as uric acid. Upon reduction, the Copper(I) ion further reacts with a coupling chromogenic reagent that produces a color with a maximum absorbance at 490 nm. The net absorbance values of antioxidants are compared with a known uric acid standard curve. Absorbance values are proportional to the sample's total reductive capacity. Results are expressed as "μM Copper Reducing Equivalents" or "mM Uric Acid Equivalents".
The 3 rd aliquot was used for determination of serum trace elements (copper (Cu), zinc (Zn) and cadmium (Cd)) using Atomic Absorption Spectrophotometer model (AA-6650). Serum was diluted 1:4 for determination of copper (Cu) and cadmium (Cd) and diluted 1:5 for determination of zinc (Zn) using deionized water. Hollow cathode lamp specific for each element was used. Each sample was aspirated into a flame and atomized where light beam directed through the flame into a detector. Wave length absorbed in the flame is proportional to the concentration of the element in the sample over a limited concentration range. A calibration curve was set at three calibration standard levels analyzed at the beginning and the end of sample set. Blank sample analyzed for each element to demonstrate that all glassware and reagent interference are under control [17] .
Clinical data of the studied groups were prospectively collected. These data included: age and menopausal status. Pathological data for the two cancerous groups (group N,M) included tumor size, nuclear grade, histological type, status and number of positive axillary lymph nodes, presence of lymphovascular invasion, status of estrogen, progesterone receptors and Her-2 (human epidermal growth factor receptor-2) expression.
Statistical Analysis
Statistical assessment was carried out with Statistical Package for Social Sciences (SPSS) version 18.0 for Windows statistical software. Quantitative variables were tested for normality using Kolmogorov-Smirnov test. Data revealed normal distribution was represented as mean± standard deviation, and the data revealed deviation from normal distribution was represented as median and range. Analysis of variance (ANOVA) or F-test is used for comparison between more than two means when the data are normally distributed. Kruskal-Wallis was used for testing equality of population medians among groups. Abnormally quantitative data was compared using Mann Whitney test. P value of less than 0.05 was considered statistically significant. Qualitative data was expressed using number and percent and was compared using Chi square or Monte Carlo test. Spearman's correlation test was used to investigate the relationship between non parametric quantitative variables.
Results
Statistical analysis of the results showed no significant difference between the studied groups regarding age, however there was a statistical significant difference in the frequency of premenopausal status (P = 0.018) between the studied groups. Both benign breast tumours group (B) and metastatic breast cancer group (M) (46% and 53.3% respectively) showed higher frequency as compared to the control group (10%) and newly diagnosed breast cancer group (20%). Statistical analysis of the clinical data in the studied groups is summarized in ( Table  1) . The pathological characteristics of the breast cancer groups (newly diagnosed and metastatic) were summarized in (Table 2) . The mean serum level of copper (Cu) were significantly higher in the three patients groups (Benign, newly diagnosed and metastatic breast cancer) as compared to the control group (P < 0.001). The mean serum level of Zinc (Zn) showed significant higher level in the three patient groups as compared to the control group (P < 0.001), although its level was significantly lower in breast cancer groups (newly diagnosed and metastatic) than benign breast group. Serum level of Cadmium (Cd) was also significantly higher level in the three patient groups (P < 0.001) than the control group with a significant lower level in the metastatic group than benign breast group (P < 0.001) (Figure 1) .
Similarly, serum uric acid (UA) concentration and serum total anti-oxidant capacity (TAC) showed significant higher level (P = 0.007) in both breast cancer groups (N and M) as compared to the benign group (B) while, there was no significant difference between the three patient groups(N, M and B) and the control group regarding these parameters.
However, total oxidative capacity TOC showed only significantly higher level (P = 0.05) in metastatic group than newly diagnosed group. TAC minus UA showed significant higher level (P = 0.007) only in newly diagnosed cancer group than benign breast group. Statistical analysis of the different studied laboratory parameters in the studied groups is shown in ( Table 3 ). When the studied groups were classified according to menstrual state (Table 4) , the statistical analysis in the premenopausal females showed a statistical significant difference in the serum copper level (P = 0.001), serum cadmium level (P = 0.010), serum TAC (P = 0.05), serum uric acid (P = 0.05) and TAC level minus UA level (P = 0.05) between the whole cancer breast group (M + N) and the control group with a significant higher level of copper in benign breast than control (P = 0.001). In addition to a significant difference in the cadmium level between the benign group and the cancer group (P = 0.01). On the other hand, no statistical significant difference between the studied groups regarding Zn and TOC levels.
While in the postmenopausal females, there were a statistical significant higher levels of copper, zinc and cadmium in the whole cancer group (M + N) and the benign group as compared to controls (P < 0.001 for all) with a significantly higher levels of zinc in the benign group than controls. There was also a significantly higher levels of TOC, uric acid and TAC-UA in the whole cancer group (M + N) as compared to controls and benign breast group (P = 0.01, P = 0.011, P = 0.01 respectively.
Upon classification of the cancer group (M + N) according to HER2 status cases, there was no statistical significance between any of the studied parameters ( Table 5) .
Statistical analysis of the correlation between the pathological parameters and the studied laboratory parameters in cancer groups (M + N) showed positive correlation between tumor size and serum copper (r = −0.397, P = 0.030), while on studying the correlation among the laboratory parameters in these patients groups showed positive correlation between serum copper and TOC (r = 0.461, P = 0.010) (Figure 2, Figure 3 ). 
Discussion
The importance of environmental factors in the epidemiology of breast cancer is supported by the fivefold variation in national breast cancer incidence rates. However, to date, few environmental risk factors for breast cancer have been confirmed. Environmental exposure to certain trace elements has been shown to modify cancer risk [18] . It has become well established that many of these elements play essentialrole in a number of biochemical and physiological processes. It is therefore reasonable to assume that these trace elements would exert action, directly orindirectly, on the carcinogenic process such as tumor growth, invasion and metastasis, especially when in abnormal expression. A large number of epidemiological studies indicate a closeassociation between heavy metals and development of breast cancer [19] .
The aim of the present study was to investigate the serum levels of some trace elements (Zn, Cu, and Cd) and the total oxidative and anti-oxidative capacity ((TOC) and (TAC)) in newly diagnosed and metastatic breast cancer patients in comparison to their serum levels in patients with benign breast tumours in order to add more knowledge to their rule in these patients groups.
The level of copper (Cu) were significantly higher in the three patients groups (Benign, newly diagnosed and metastatic breast cancer) than the control group (P < 0.001). Zinc (Zn) showed significant higher level in the three patient groups as compared to the control group (P < 0.001), although its level was significantly lower in breast cancer groups (newly diagnosed and metastatic) than benign breast group. This may due to the fact that Zn is required for growth as a component of the Zn finger proteins; however there is some evidence for an inverse association between Zn and breast cancer [13] . Cadmium (Cd) was also significantly higher level in the three patient groups (P < 0.001) than the control group with significant lower level in the metastatic group than benign breast group (P < 0.001).
Studies suggested that the role of Cu and Zn in tumor development could be related to their action as enzymatic co-factors involved in carcinogenesis. In addition, copper and zinc belong to the group of oxidant metals causing disruption of the oxidative balance [20] .
Similar to our findings, in study carried by Mahmood AA, et al., the women with breast cancer exhibited a significant increase in the level of serum Cu as compared to the controls (P < 0.009). On the other hand, serum Zn level was significantly lower in the breast cancer group (P < 0.002) than in the control [21] .
In line with these findings, Sanjeev KG et al., found that the mean serum copper levels were higher in breast cancer than in benign breast diseases and controls (P < 0.001), patients with advanced breast cancer had higher serum copper levels than did patients with early breast cancer while, the mean serum zinc levels were lowered only in patients with advanced breast cancer as compared with controls, serum zinc levels were not decreased in patients with early breast cancer and benign breast diseases [22] . Opposite to our results, Abdel-Salam OM et al., found that serum copper concentrations did not differ among control and non-metastatic but were significantly lower in metastatic cancer patient group compared with the control as well as with the non-metastatic cancer group [23] .
Cadmium affects cell proliferation, differentiation, apoptosis and signal transduction by enhancement of protein phosphorylation and activation of transcription and translation factors [24] . However, the Arinola OG et al., study showed that the levels of cadmium were not significantly raised in breast cancer patients compared with the controls [25] .
In recent years, measurement of total antioxidant capacity of tissues and plasma has been widely used inseveral human diseases including cancer. It has been suggested that in monitoring the antioxidant defenses. The body's non-enzymatic antioxidant network can be assessed through the measurement of total antioxidant capacity (TAC). Low total antioxidant capacity could be indicative of oxidative stress or increased susceptibility to oxidative damage [26] .
In our study, serum uric acid concentration and serum total anti-oxidant capacity (TAC) showed significant higher level (P = 0.007) in both breast cancer groups (N and M) as compared to the benign group (B) while, there was no significant difference between the three patient groups (N, M and B) and the control group. However total oxidative capacity TOC showed only significantly higher level (P = 0.05) in metastatic group than newly diagnosed group. TAC minus UA showed only significant higher level (P = 0.007) in newly diagnosed cancer group than benign breast group.
Similarly, in the study of Bhargava AK et al., [27] serum uric acid levels increased in breast cancer patients compared to healthy control subjects and this is similar to findings reported by Krishna VG et al., study that showed that uric acid may be a protective agent due its function as antioxidant although, elevated serum uricacid is a risk factor for cancer incidence and mortality in breast cancer. According to this study, a significant rise in uric acid level in untreated women of breast cancer patients, which may be due to high oxidative stress [28] .
Opposite to these findings, in the study of Abdel-Salam OM et al., there was a significant decrease in uric acid level observed in breast cancer patients on chemotherapy, values were in addition significantly lower in metastatic cancer compared with non-metastatic cancer patients. This reduction in serum uric acid might have also contributed to the lower level of TAC observed in these patients [23] .
Statistical analysis of the whole cancer groups (M + N) showed positive correlation between tumor size and serum copper (r = 0.397, P = 0.030) and positive correlation between serum copper and TOC (r = 0.461, P = 0.010).
When the studied groups were classified according to menstrual state, the statistical analysis in the premenopausal females showed a statistical significant difference in the serum copper level (P = 0.001), serum cadmium level (P = 0.010), serum TAC (P = 0.05), serum uric acid (P = 0.05) and TAC level minus uric acid level (P = 0.05) between the whole cancer breast group (M + N) and the control group with a significant higher level of copper in benign breast than control (P = 0.001). In addition to a significant difference in the cadmium level between the benign group and the cancer group (P = 0.01).
In the postmenopausal females, there were a statistical significant higher levels of copper, zinc and cadmium in the both cancer groups (M + N) and the benign group as compared to controls (P < 0.001 for all) and significantly higher levels of TAC, uric acid and TAC-UA in the whole cancer groups (M + N) as compared to both control and benign breast groups (P = 0.01, P = 0.011, P = 0.01 respectively. Levels of TOC did not differ among the studied groups. Upon classification of the cancer groups (M + N) according to ER, PR and HER2 status, no statistical significance were found between any of the laboratory parameters among the studied groups.
In the study conducted by Burarah A et al., the studied women were classified according to menstrual state. In contrast to our study, there was a significant decrease in the level of Cd, Cu, Co, and Zn in pre-and postmenopausal women patients as compared to controls (P < 0.001). Cu/Zn ratio was declined non-significantly in patients when compared to their controls. In menstruating women, it was observed a significant decrease (P < 0.05) in the level of Cd, Cu and Coin patients as compared to their controls. Level of Zn and Cu/Zn ratio was nonsignificantly decreased when compared to their controls [29] .
Conclusions & Recommendations
• Serum trace elements (Cu, Zn, Cd) showed significant higher level in the three patients groups (Benign, newly diagnosed and metastatic breast cancer) compared to control group.
• Zn level was significantly lower in breast cancer groups (newly diagnosed and metastatic) than benign breast group.
• The observed increase in levels of trace elements in breast cancer groups may suggest the role for these trace elements in the initiation, promotion and progression of breast cancer.
• The findings in the present study suggested elevated not only total serum antioxidant capacity, (TAC) and uric acid but also oxidative stress (TOC) in patients with cancer breast. However, total oxidative capacity TOC showed only significantly higher level in metastatic group than newly diagnosed group.
• It seems that the increased levels of trace elements could lead to formation of free radicals or other reactive oxygen species inducing oxidative stress.
• It is recommended to use trace elements and antioxidant activity as biomarkers for breast cancer. The serum profile of these trace metals may be helpful in predicting prognosis of breast cancer.
• Our findings in this study warrant further investigations on larger sample size, more other trace elements and multipleserum samples with different time intervals.
